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1
COMPLEX CIRCUITS UTILIZING FIN
STRUCTURES

BACKGROUND

The present invention generally relates to semiconductor
devices, and more particularly, to structures, fabrication
methods, and design structures associated with fin-based
devices.

A fin metal-oxide-semiconductor field effect transistor
(finMOSFET, or finFET) may provide solutions to metal-
oxide-semiconductor field effect transistor (MOSFET) scal-
ing problems at and below, for example, the 22 nanometer
(nm) node of semiconductor technology. A finFET includes at
least one narrow semiconductor fin (preferably <30 nm wide)
gated on at least two opposing sides of each of'the at least one
semiconductor fin. FinFET structures may, for example, typi-
cally be formed on either a semiconductor-on-insulator (SOI)
substrate or a bulk semiconductor substrate.

A feature of'a finFET is a gate electrode located on at least
two sides of the channel formed along the longitudinal direc-
tion of the fin. Due to the advantageous feature of full deple-
tion in the fin structure, the increased number of sides (e.g.,
two or three) on which the gate electrode controls the channel
of'the finFET enhances the controllability of the channel in a
finFET compared to a planar MOSFET. The improved control
of the channel, among other things, allows smaller device
dimensions with less short channel effects as well as larger
electrical current that can be switched at high speeds.

Based on, among other things, the characteristics men-
tioned above, the incorporation of finFET structures within
integrated circuits beyond 22 nm nodes (i.e., <22 nm) is
becoming more prevalent. While finFET structures provide
improved scalability, CMOS technologies may, however,
require fin structures capable of exhibiting different charac-
teristics for incorporation within finFET structures that may
be implemented in a variety of circuits.

SUMMARY

Therefore, according to at least one embodiment, a multi-
layer lattice matched structure is provided, whereby the top
surface of a given layer of the multilayer lattice matched
structure may be patterned and recessed to access other
underlying layers of the multilayer lattice matched structure
for fabricating a variety of strained/unstrained fin structures.
Multiple cut masks may be used in the etching and epitaxial
deposition of both strained and unstrained materials that may
subsequently be used to form resulting strained/unstrained fin
structures. The resulting fins structures may have different
strain properties for incorporation within different circuits.
For example, in some implementations one or more formed
fins having a compressive strain may be used to create a
p-type finFET device. Alternatively, one or more formed fins
having a tensile strain may be used to create an n-type finFET
device. Moreover, and one or more formed unstrained fins
may be used to create finFET devices for analog circuit appli-
cations. The one or more formed unstrained fins may be used
to create analog fin-based devices since these devices may
tolerate less defects during fabrication and benefit more from
less device variability. For the strained fins, the application of
strain may introduce additional defects that may be offset
against a desire for increased device performance (i.e.,
switching speeds, etc.). Thus, the one or more exemplary
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2

embodiments facilitate creating both strained and unstrained
fins from epitaxially grown lattice matched multilayers.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1A illustrates a cross-sectional view of a structure
having a semiconductor substrate used to form three-dimen-
sional (3D) structures having different channel strain proper-
ties, according to one embodiment;

FIG. 1B illustrates a cross-sectional view of a structure
formed by bonding a first strained layer over the semiconduc-
tor substrate of FIG. 1A, according to one embodiment;

FIG. 1C illustrates a cross-sectional view of a structure
formed by bonding a second strained layer over the first
bonded strained layer of FIG. 1B, according to one embodi-
ment;

FIG. 1D illustrates a cross-sectional view of a structure
formed by lithographically patterning and etching a portion
of'the bonded second strained layer of FIG. 1C, according to
one embodiment;

FIG. 1E illustrates a cross-sectional view of a structure
formed by depositing silicon-germanium (SiGe) or germa-
nium (Ge) fill material over the etched portion of the bonded
second strained layer of FIG. 1D, according to one embodi-
ment;

FIG. 1F illustrates a cross-sectional view of a structure
formed by lithographically patterning and etching another
portion of both the bonded first and second strained layer of
FIG. 1E, according to one embodiment;

FIG. 1G illustrates a cross-sectional view of a structure
formed by depositing an unstrained silicon (Si) material
within the etched portion of FIG. 1F, according to an exem-
plary embodiment;

FIG. 1H illustrates a cross-sectional view of a structure
formed by removing patterned hardmask regions from the
structure of FIG. 1G, according to an exemplary embodiment;

FIG. 11 illustrates a cross-sectional view of a structure
formed by depositing another strained layer over the entire
structure of FIG. 1H, according to an exemplary embodiment;

FIG. 1] illustrates a cross-sectional view of a structure
formed by planarizing the structure of FIG. 11, according to
an exemplary embodiment;

FIG. 1K illustrates a cross-sectional view of a structure
formed by creating 3D fin structures from the structure of
FIG. 1], according to an exemplary embodiment;

FIG. 1L illustrates a cross-sectional view of a structure
formed by creating an insulating layer underlying the base of
the 3D structures of FIG. 1K, according to an exemplary
embodiment;

FIG. 2 illustrates an exemplary finFET structure employ-
ing the fins fabricated using the process depicted in FIGS.
1A-1L, according to an embodiment; and

FIG. 3 is a flow diagram of a design process used in semi-
conductor design, manufacture, and/or test.

The drawings are not necessarily to scale. The drawings are
merely schematic representations, not intended to portray
specific parameters of the invention. The drawings are
intended to depict only typical embodiments of the invention.
In the drawings, like numbering represents like elements.

DETAILED DESCRIPTION

The following described and illustrated exemplary struc-
tures and processes include, among other things, a multilayer
lattice matched structure, whereby the top surface of a given
layer of the multilayer lattice matched structure may be pat-
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terned and recessed to access other underlying layers of the
multilayer lattice matched structure for fabricating a variety
of strained/unstrained fin structures. The resulting fins struc-
tures may have different strain properties for incorporation
within different circuits. For example, one or more formed
fins having a compressive strain may be used to create a
p-type finFET device, one or more formed fins having a
tensile strain may be used to create a n-type finFET device,
and one or more formed unstrained fins may be used to create
finFET devices for analog circuit applications. The one or
more formed unstrained fins may be used to create analog
fin-based devices since these devices may tolerate less defects
during fabrication and benefit more from less variability. For
the strained fins, the application of strain may introduce addi-
tional defects and/or additional device variability that may be
offset against a desire for increased device performance (i.e.,
switching speeds, etc.). In contrast, however, certain device
applications (i.e., analog devices) may require less variability
in order to, for example, create matched devices having simi-
lar threshold voltages. Thus, the following described embodi-
ments facilitate creating both strained and unstrained fins
from epitaxially grown lattice matched multilayers.

FIGS.1A-1L correspond to the fabrication of semiconduc-
tor structures that include fin structures having different char-
acteristics for incorporation within a variety of finFET
devices, or other fin-base devices, according to at least one
exemplary embodiment.

Referring to FIG. 1A, a semiconductor structure 100
including a semiconductor substrate 102 is depicted. For
example, semiconductor substrate 102 can be a bulk wafer
formed of any conventional semiconductor substrate material
including, but not limited to, silicon, germanium, silicon ger-
manium, silicon carbide, and those consisting essentially of
one or more I1I-V compound semiconductors having a com-
position defined by the formula
Al Gay,InyAsy Py NysShy,, where X1, X2, X3, Y1, Y2,
Y3, and Y4 represent relative proportions, each greater than
or equal to zero and together summing to 1. Other suitable
substrates may include II-VI compound semiconductors hav-
ing a composition Zn,,Cd ,Sez, Tez,, where A1,A2,B1,and
B2 are relative proportions each greater than or equal to zero
and sum to 1. Other substrates used to form semiconductor
structure 100 may, for example, include silicon-on-insulator
(SOI) substrates or any substrate having a layer of unstrained
silicon.

In the depicted embodiment of FIG. 1A, the substrate 102
may include an unstrained silicon material having a thickness
T, in the range of about 500 micrometers (1um)-1.0 millimeter
(mm). It may be appreciated, that although other types of
material such as I1I-V material may be used, the substrate
102, in such a case, may include a top layer of epitaxially
grown [11-V material to be used as a base layer. As previously
indicated, however, the substrate 102 associated with the
described embodiment includes an unstrained silicon base
layer.

As depicted in FIG. 1B, semiconductor structure 115 may
include forming a first strained layer 106 over the top surface
S of'the substrate 102 of FIG. 1A, according to an exemplary
embodiment. The first strained layer 106 may include a ger-
manium (Ge) layer having a thickness of about 5-20 nanom-
eters (nm). Alternatively, for example, the first strained layer
106 may include a silicon-germanium (SiGe) layer also hav-
ing a thickness of about 5-20 nanometers (nm). The SiGe
layer forming strained layer 106 may include 50% silicon (Si)
and 50% Germanium (Ge). The first strained layer 106
formed from Ge may exhibit a compressive strain (i.e., a
compressive strain characteristic) of, for example, about 4%,
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which is a function of the Ge concentration. Alternatively, the
first strained layer 106 formed from SiGe may exhibit a
compressive strain of, for example, about 2%, based on the
50% Ge concentration. The first strained layer 106 may be
formed on the substrate 102 using a layer-by-layer transfer
process, as known in the art. Basically, the first strained layer
106 may include a Ge concentration (molar concentration)
ranging from about 10% to 100%.

Generally, the Ge or SiGe first strained layer 106 may be
deposited on another wafer (not shown). The other wafer
including the deposited Ge or SiGe first strained layer 106
may then be thinned down using, a grinding, polishing, or
etching process after being bonded to a first substrate such as
substrate 102. The resulting structure is thus semiconductor
structure 115. The layer-by-layer transfer method provides a
higher level of crystallinity for the Ge or SiGe material used
to form the first strained layer 106. Accordingly, the first
strained layer 106 may exhibit an intended stress as opposed
to a reduced stress caused by defects that may, for example,
occur as a result of directly depositing the Ge or SiGe material
used to form the first strained layer 106 on substrate 102.

As depicted in FIG. 1C, semiconductor structure 125 may
include forming a second strained layer 108 over the first
strained layer 106 of FIG. 1B, according to an exemplary
embodiment. The second strained layer 108 may include a
strained silicon (Si) layer having a thickness of about 5-20
nanometers (nm). The strained silicon layer forming strained
layer 108 may exhibit a tensile strain (i.e., a tensile strain
characteristic) of, for example, about 0.5%-4%, which may
be caused by stretching the Si lattice. The second strained
layer 108 may be formed on the first strained layer 106 using
a layer-by-layer transfer process, as known in the art.

Generally, the Si second strained layer 108 may be depos-
ited on another wafer (not shown). The other wafer including
the deposited strained layer 108 may then be thinned down
using, a grinding, polishing, or etching process after being
bonded on the first strained layer 106. The resulting structure
is thus semiconductor structure 125. As previously described,
the layer-by-layer transfer method provides a higher level of
crystallinity for the strained Si material used to form the
second strained layer 108. Accordingly, the second strained
layer 108 may exhibit an intended stress as opposed to a
reduced stress caused by defects that may, for example, occur
as a result of directly depositing strained Si material used to
form the second strained layer 108 on the first strained layer
106. Thus, structure 125 includes a multilayer lattice matched
structure formed from unstrained silicon substrate 102, Ge or
SiGe strained layer 106, and strained silicon layer 108. In
order to preserve strain in the strained layers (e.g., SiGe or Ge
layer 106, strained Si layer 108, etc.), the lattice of the epi-
taxial layers 106, 108 may substantially match that of the
substrate 102, otherwise, the epitaxial layers 106, 108 will
relax, thus, causing a loss of strain. Furthermore, lattice mis-
matches may generate defects such as, for example, disloca-
tion defects. Defects may accordingly increase device leak-
age current and degrade chip yield. Lattice matching may
refer to lattice constants between two layers that are substan-
tially the same.

Referring to FIG. 1D, semiconductor structure 135 may be
created by forming a patterned hardmask 110A, 110B over
structure 125 of FIG. 1C followed by an etch process, accord-
ing to an exemplary embodiment. Particularly, the patterned
silicon nitride hardmask 110A, 110B is a cut mask having
exposed region 140. The silicon nitride hardmask 110A,
110B may have a thickness of about 20-50 nm. The patterned
silicon nitride (Si;N,) hardmask 110A, 110B can be formed
by lithographical patterning followed by a RIE (reactive ion
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etch) process. Alternatively, according to another exemplary
implementation, the hardmask 110A, 110B may be formed
from a silicon oxide material. Subsequently, an etch process
such as reactive ion etching (RIE) may be used to remove
strained region 142 (FIG. 1C) ofthe second strained layer 108
(FIG.1C). Thus, opening 144 is formed in the second strained
layer 108 to form second strained layer 108 A and 108B.

Referring to FIG. 1E, semiconductor structure 145 may be
created by depositing a SiGe or Ge material 146 within
exposed opening 140 (FIG. 1D) and opening 144 (FIG. 1D),
according to an exemplary embodiment. Particularly, the
SiGe or Ge material 146 is epitaxially grown using, for
example, a CVD deposition process over a top surface portion
148 (FIG. 1D) of the first strained layer 106. If the underlying
first strained layer 106 is formed from a Ge material, the
deposited fill material 146 is also a Ge material. Alternatively,
if theunderlying first strained layer 106 is formed from a SiGe
material, the deposited fill material 146 is accordingly a SiGe
material. Once the SiGe or Ge material 146 is epitaxially
grown within exposed opening 140 (FIG. 1D) and opening
144 (FIG. 1D), the SiGe or Ge material 146 may be planarized
using, for example, chemical mechanical polishing (CMP), to
form planarized surface S ,,. Since the SiGe or Ge fill material
146 is of the same material as the underlying layer, a certain
amount of over-etching during the formation of opening 144
(FIG. 1D) may be permitted. It may be appreciated that the
epitaxially grown material 146 may be deposited using vari-
ous deposition techniques such as, but not limited to, chemi-
cal vapor deposition (CVD), plasma enhanced chemical
vapor deposition (PECVD), sub-atomic chemical vapor
deposition (SACVD), molecular beam epitaxy (MBE), etc. It
may, however, also be appreciated that theses deposition tech-
niques (i.e., CVD, SACVD, PECVD, etc.), or any other depo-
sition processes conventionally utilized, may be applied for
depositing the various other layers corresponding to the
embodiments described herein.

Referring to FIG. 1F, semiconductor structure 155 may be
created by forming another lithographically patterned hard-
mask 150A, 150B over structure 145 of FIG. 1E followed by
an etch process, according to an exemplary embodiment.
Particularly, the lithographically patterned silicon nitride or
silicon oxide hardmask 150A, 150B is another (second) cut
mask having exposed region 160. The patterned hardmask
150A, 1508 may be deposited over planarized surface S,; in
order to expose region 160 and protect all remaining areas
during a subsequent etch process. The silicon nitride (Si;N,)
hardmask 150A, 150B may have a thickness of about 20-50
nm. An etch process such as reactive ion etching (RIE) may
then be used to remove both strained region 162 (FIG. 1E) of
the second strained layer 108B (FIG. 1E) and strained region
164 (FIG. 1E) of the first strained layer 106 (FIG. 1E). Thus,
opening 161 is formed in hardmask region 110A (FIG. 1E),
second strained layer 108B (FIG. 1E), and first strained layer
106 (FIG. 1E). Region 168 of top surface S, of the silicon
substrate 102 is now exposed. Within second strained layer
108B (FIG. 1E), opening 161 accordingly divides layer 108B
(FIG. 1E) into second strained layers 108C and 108D. Also,
within first strained layer 106 (FIG. 1E), opening 161 accord-
ingly divides layer 106 (FIG. 1E) into first strained layers
106A and 106B. Moreover, within hardmask region 110A
(FIG. 1E), exposed region 160 accordingly divides hardmask
region 110A (FIG. 1E) into hardmask regions 110C and
110D.

Referring to FIG. 1G, semiconductor structure 165 may be
created by depositing an unstrained silicon (Si) material 176
within exposed opening 160 (FIG. 1F) and opening 161 (FIG.
1F), according to an exemplary embodiment. Particularly, the
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unstrained silicon (Si) material 176 is epitaxially grown
using, for example, a CVD deposition process over the top
surface S, of portion 168 (FI1G. 1F) of the silicon substrate 102
(FIG. 1F). Once the unstrained Si material 176 is epitaxially
grown within exposed opening 160 (FIG. 1F) and opening
161 (FIG. 1F), the unstrained Si material 176 may be pla-
narized using, for example, chemical mechanical polishing
(CMP), to form planarized surface §',. Since the unstrained
Si fill material 176 is of the same material as the underlying
layer, a certain amount of over-etching during the formation
of'opening 161 (FIG. 1F) may be permitted. It may be appre-
ciated that the epitaxially grown unstrained Si fill material
176 may be deposited using various deposition techniques
such as, but not limited to, chemical vapor deposition (CVD),
plasma enhanced chemical vapor deposition (PECVD), sub-
atomic chemical vapor deposition (SACVD), etc. It may,
however, also be appreciated that theses deposition tech-
niques (i.e., CVD, SACVD, PECVD, etc.), or any other depo-
sition processes conventionally utilized, may be applied for
depositing the various other layers corresponding to the
embodiments described herein.

Referring to FIG. 1H, semiconductor structure 170 may be
created by removing hardmask regions 150A, 150B, 110B,
110C, and 110D (FIG. 1G) from structure 165 (FIG. 1G),
according to an exemplary embodiment. For example, as
depicted in FIG. 1H, a wet etch process selective to Si and
SiGe may be utilized to accordingly remove hardmask
regions 150A, 1508, 110B, 110C, and 110D (FIG. 1G) from
structure 165 (FIG. 1G).

Referring to FIG. 11, semiconductor structure 180 may be
created by conformally depositing strained layer 182 over
structure 170 of FIG. 1H, according to an exemplary embodi-
ment. Particularly, the strained layer 182 is epitaxially grown
using, for example, a CVD deposition process over the top
surface of the structure 170 formed in FIG. 1H. The strained
layer 182 may include a strained silicon (Si) layer having a
thickness of about 100 nm-1 mm. The strained silicon layer
forming strained layer 182 may exhibit a tensile strain of, for
example, about 0.5%-4%, which may be caused by stretching
the Silattice. It may be appreciated that the epitaxially grown
layer 182 may be deposited using various deposition tech-
niques such as, but not limited to, chemical vapor deposition
(CVD), plasma enhanced chemical vapor deposition
(PECVD), sub-atomic chemical vapor deposition (SACVD),
etc. It may, however, also be appreciated that theses deposi-
tion techniques (i.e., CVD, SACVD, PECVD, etc.), or any
other deposition processes conventionally utilized, may be
applied for depositing the various other layers corresponding
to the embodiments described herein.

Referring to FIG. 1], semiconductor structure 185 may be
created by planarizing structure 180 of FIG. 11, according to
one embodiment. In particular, portions of the silicon strained
layer 182 (FIG. 1I) and unstrained Si fill material 176 (FIG.
11) located within bounded region 184 (FIG. 1I) may be
planarized down to the height H, (FIG. 11) of the epitaxially
grown material 146 (FIG. 1I) using, for example, a CMP
process. As depicted in FIG. 1], following the planarization,
tensile strained silicon columns 186A-186C, compressive
strained Ge (or SiGe) column 188, and unstrained silicon
column 187 are formed. Each of the tensile strained silicon
columns 186A-186C, compressive strained Ge (or SiGe) col-
umn 188, and unstrained silicon column 187 may subse-
quently be processed to form fins having different strain prop-
erties.

Referring to FIG. 1K, semiconductor structure 190 may be
created by forming fin structures 192 from the structure 185
of FIG. 1J. As depicted in FIG. 1K, each of the fins corre-
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sponding to fin structure 192 may have a height H in the range
of about 30 nm-100 nm, although lesser or greater heights
may be contemplated. Further, each of the fins corresponding
to fin structure 192 may have a width W in the range of about
5 nm-30 nm, although lessor or greater widths may be con-
templated. The fin structure 192 may be created using know
fabrication techniques. For example, fin structure 192 may be
formed from tensile strained silicon columns 186A-186C
(FIG. 1]), compressive strained Ge (or SiGe) column 188
(FI1G. 1), and unstrained silicon column 187 (FIG. 1J) using,
for example, a sidewall image transfer (SIT) fabrication pro-
cess. Thus, lithographic patterning and reactive ion etching
(RIE) techniques may be utilized.

Specifically, within fin structure 192, tensile strained sili-
con column 186C (FIG. 1J) may be used to form tensile
strained silicon fin 193C, tensile strained silicon column
186B (FIG. 1J) may be used to form tensile strained silicon
fins 193B and 193D, and tensile strained silicon column 186 A
(FIG. 1J) may be used to form tensile strained silicon fin
193A. Moreover, within fin structure 192, compressive
strained Sior SiGe column 188 (FIG. 1J) may be used to form
compressive strained Ge or SiGe fin 191, while unstrained
silicon column 187 may accordingly be used to form
unstrained silicon fin 194.

Referring to FIG. 1L, semiconductor structure 195 may be
created by forming a layer of dielectric material (i.e., insula-
tor layer) across the base region 196 (FIG. 1K) of the fin
structure 192 depicted in FIG. 1K. As depicted in FIG. 11, the
base region 196 may be oxidized to form a layer of silicon
dioxide 198 silicon oxide that extends directly from the base
B, of each of the fins 193 A-193D, 191, 194 into substrate 102
(i.e., within the top surface region of the substrate 102). The
thickness T of the layer of silicon oxide 198 may be in the
region of about 10 nm-1 pm. The layer of'silicon dioxide 198
silicon oxide may form an insulating layer that provides elec-
trical isolation between each of the fins 193A-193D, 191,
194.

Alternatively, a layer of dielectric material (i.e., insulator
layer) such as layer 198 may be formed across the base region
196 by physically removing layers 106A-106B (FI1G. 1K) and
layer 197 (FIG. 1K) from under the base B, (FIG. 1K) of each
of the fins 193A-193D, 191, 194 (FIG. 1K). The removed
layers 106 A-106B, 197 (FIG. 1K) may subsequently be back-
filled with a dielectric material (e.g., silicon oxide) to form
layer 198. As depicted in FIG. 1L, each of the fabricated fins
193A-193D, 191, 194 (FIG. 1K) may be used to for complex
circuits having different devices. For example, the strained
fins 193A-193D, 191 may be used to form finFETs desiring
high speed switching performance, while the unstrained fin
194 may be incorporated within the structure ofa finFET used
for analog circuitry.

FIG. 2 illustrates a finFET device 200 that may incorporate
one of the fabricated fin structures 193A-193D, 191, 194
described and illustrated herein. Referring to FIG. 2, finFET
structure 200 may be created by having a fin 204 formed from
one of fins 193A-193D, 191, or 194 of semiconductor struc-
ture 195 (F1G. 1L), according to one exemplary embodiment.

In particular, as shown in FIG. 2, finFET device 200 may
include a high-k gate dielectric layer 202 that is deposited
over substrate 201. The high-k dielectric layer 202 may
include high-k materials such as, but not limited to, metal
oxides such as hafnium oxide, hafnium silicon oxide,
hafnium silicon oxynitride, lanthanum oxide, lanthanum alu-
minum oxide, zirconium oxide, zirconium silicon oxide, zir-
conium silicon oxynitride, tantalum oxide, titanium oxide,
barium strontium titanium oxide, barium titanium oxide,
strontium titanium oxide, yttrium oxide, aluminum oxide,
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and lead scandium tantalum oxide. The high-k dielectric layer
202 may further include dopants such as lanthanum, alumi-
num.

Further referring to FIG. 2, gate electrode 206 may be
formed over high-k dielectric layer 202 of finFET device 200.
In some implementations, the formed gate electrode 206 may
include materials such as, but not limited to, polysilicon or
amorphous silicon, germanium, silicon germanium, a metal
(e.g., tungsten, titanium, tantalum, ruthenium, zirconium,
cobalt, copper, aluminum, platinum, tin, silver, gold), a con-
ducting metallic compound material (e.g., tantalum nitride,
titanium nitride, tungsten silicide, tungsten nitride, ruthenium
oxide, cobalt silicide, nickel silicide), carbon nanotube, con-
ductive carbon, or any suitable combination of these materi-
als. The thickness of the gate dielectric layer 202 may, for
example, be in the range of about 1.0 nm-5.0 nm. Gate elec-
trode 206 may have a thickness approximately in the range of
about 20-100 nm and a length in the range of about 10-250
nm, although lesser and greater thicknesses and lengths may
also be contemplated.

For a pFET device, source/drain regions 210A, 210B may
include a silicon germanium (SiGe) type material, where the
atomic concentration of germanium (Ge) may range from
about 10-100%, preferably from about 20-60%. In a preferred
exemplary embodiment, the concentration of germanium
(Ge) may be 50%. SiGe may provide a compressive strain.
Thus, the SiGe source/drain regions may exerts a longitudinal
compressive strain in the direction of the channel region
formed by the fin structure 204. Dopants such as boron may
be incorporated into the SiGe source/drain regions by in-situ
doping. The percentage of boron may range from 1E19 cm™>
to 2B21 em™>, preferably 1E20 cm™ to 1E21 cm™. In a
preferred exemplary embodiment, the percentage of boron
may range from 4E20 cm™ to 7E20 cm™>.

Alternatively, for an nFET finFET device, the source/drain
regions 210A, 210B may include a carbon doped Silicon
(Si:C) type material, where the atomic concentration of car-
bon (C) may range from about 0.4-3.0%, preferably from
about 0.5-2.5%. In a preferred exemplary embodiment, the
concentration of carbon (C) may be approximately 1.5-2.2%.
Si:C provides a tensile strain. Thus, the Si:C source/drain
regions may exert a tensile strain in the direction of the chan-
nel region formed by the fin 204. Dopants such as phospho-
rous or arsenic may be incorporated into the Si:C source/drain
regions by in-situ doping. The percentage of phosphorous or
arsenic may range from 1E19 cm™ to 2E21 cm™>, preferably
1E20 cm?® to 1E21 cm™. In a preferred exemplary embodi-
ment, the percentage of boron may range from 4E20 cm? to
7E20 cm™.

In the above described embodiments, reference to a fin or a
fin structure may be used interchangeably. Accordingly, fin
structures may refer to multiple fins. Moreover, although a
layer-by-layer transfer method is described to deposit
strained layer 106 directly over unstrained layer 102, and
deposit strained layer 108 directly over strained layer 106,
other techniques may be employed. Such employed tech-
niques may, among other things, preserve the strain of each
strained layer.

FIG. 3 shows a block diagram of an exemplary design flow
900 used for example, in semiconductor IC logic design,
simulation, test, layout, and manufacture. Design flow 900
includes processes and mechanisms for processing design
structures or devices to generate logically or otherwise func-
tionally equivalent representations of the design structures
and/or devices described above and shown in FIGS. 1L & 2.
The design structure processed and/or generated by design
flow 900 may be encoded on machine-readable transmission
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or storage media to include data and/or instructions that when
executed or otherwise processed on a data processing system
generate a logically, structurally, mechanically, or otherwise
functionally equivalent representation of hardware compo-
nents, circuits, devices, or systems.

Design flow 900 may vary depending on the type of rep-
resentation being designed. For example, a design flow 900
for building an application specific IC (ASIC) may differ
from a design flow 900 for designing a standard component or
from a design flow 900 for instantiating the design into a
programmable array, for example a programmable gate array
(PGA) or a field programmable gate array (FPGA) offered by
Altera® Inc. or Xilinx® Inc.

FIG. 3 illustrates multiple such design structures including
an input design structure 920 that is preferably processed by
a design process 910. In one embodiment, the design struc-
ture 920 includes design data used in a design process and
including information describing embodiments of the inven-
tion with respect to the structures as shown in FIGS. 1L & 2.
The design data in the form of schematics or HDL, a hard-
ware-description language (e.g., Verilog, VHDL, C, etc.) may
be embodied on one or more machine readable media. For
example, design structure 920 may be a text file, numerical
data or a graphical representation of the embodiments of the
invention, as shown in FIGS. 1L & 2. Design structure 920
may be a logical simulation design structure generated and
processed by design process 910 to produce a logically
equivalent functional representation of a hardware device.
Design structure 920 may also or alternatively include data
and/or program instructions that when processed by design
process 910, generate a functional representation of the
physical structure of a hardware device. Whether represent-
ing functional and/or structural design features, design struc-
ture 920 may be generated using electronic computer-aided
design (ECAD) such as implemented by a core developer/
designer. When encoded on a machine-readable data trans-
mission, gate array, or storage medium, design structure 920
may be accessed and processed by one or more hardware
and/or software modules within design process 910 to simu-
late or otherwise functionally represent an electronic compo-
nent, circuit, electronic or logic module, apparatus, device, or
system such as that shown in FIGS. 1L & 2. As such, design
structure 920 may include files or other data structures includ-
ing human and/or machine-readable source code, compiled
structures, and computer-executable code structures that
when processed by a design or simulation data processing
system, functionally simulate or otherwise represent circuits
or other levels of hardware logic design. Such data structures
may include hardware-description language (HDL) design
entities or other data structures conforming to and/or compat-
ible with lower-level HDL design languages such as Verilog
and VHDL, and/or higher level design languages such as C or
C++.

Design process 910 preferably employs and incorporates
hardware and/or software modules for synthesizing, translat-
ing, or otherwise processing a design/simulation functional
equivalent of the components, circuits, devices, or logic struc-
tures shown in FIGS. 1L & 2 to generate a netlist 980 which
may contain a design structure such as design structure 920.
Netlist 980 may include, for example, compiled or otherwise
processed data structures representing a list of wires, discrete
components, logic gates, control circuits, I/O devices, mod-
els, etc. that describes the connections to other elements and
circuits in an integrated circuit design. Netlist 980 may be
synthesized using an iterative process in which netlist 980 is
resynthesized one or more times depending on design speci-
fications and parameters for the device. As with other design
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structure types described herein, netlist 980 may be recorded
on a machine-readable data storage medium or programmed
into a programmable gate array. The medium may be a non-
volatile storage medium such as a magnetic or optical disk
drive, a programmable gate array, a compact flash, or other
flash memory. Additionally, or in the alternative, the medium
may be a system or cache memory, buffer space, or electri-
cally or optically conductive devices and materials on which
data packets may be transmitted and intermediately stored via
the Internet, or other networking suitable means.

Design process 910 may include hardware and software
modules for processing a variety of input data structure types
including netlist 980. Such data structure types may reside,
for example, within library elements 930 and include a set of
commonly used elements, circuits, and devices, including
models, layouts, and symbolic representations, for a given
manufacturing technology (e.g., different technology nodes,
32 nm, 45 nm, 90 nm, etc.). The data structure types may
further include design specifications 940, characterization
data 950, verification data 960, design rules 970, and test data
files 985 which may include input test patterns, output test
results, and other testing information. Design process 910
may further include, for example, standard mechanical
design processes such as stress analysis, thermal analysis,
mechanical event simulation, process simulation for opera-
tions such as casting, molding, and die press forming, etc.
One of ordinary skill in the art of mechanical design can
appreciate the extent of possible mechanical design tools and
applications used in design process 910 without deviating
from the scope and spirit of the invention. Design process 910
may also include modules for performing standard circuit
design processes such as timing analysis, verification, design
rule checking, place and route operations, etc.

Design process 910 employs and incorporates logic and
physical design tools such as HDL compilers and simulation
model build tools to process design structure 920 together
with some or all of the depicted supporting data structures
along with any additional mechanical design or data (if appli-
cable), to generate a second design structure 990 including
second design data embodied on a storage medium in a data
format used for the exchange of layout data of integrated
circuits and/or symbolic data format (e.g. information stored
in a GDSII (GDS2), GL1, OASIS, map files, or any other
suitable format for storing such design structures). In one
embodiment, the second design data resides on a storage
medium or programmable gate array in a data format used for
the exchange of data of mechanical devices and structures
(e.g. information stored in an IGES, DXF, Parasolid XT, T,
DRG, or any other suitable format for storing or rendering
such mechanical design structures). Similar to design struc-
ture 920, design structure 990 preferably includes one or
more files, data structures, or other computer-encoded data or
instructions that reside on transmission or data storage media
and that when processed by an ECAD system generate a
logically or otherwise functionally equivalent form of one or
more of the embodiments of the invention shown in FIGS. 1L
& 2. In one or more embodiments, design structure 990 may
include a compiled, executable HDL simulation model that
functionally simulates the devices shown in FIGS. 1L & 2.

Design structure 990 may also employ a data format used
for the exchange of layout data of integrated circuits and/or
symbolic data format (e.g. information stored in a GDSII
(GDS2), GL1, OASIS, map files, or any other suitable format
for storing such design data structures).

Design structure 990 may include information such as, for
example, symbolic data, map files, test data files, design
content files, manufacturing data, layout parameters, wires,
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levels of metal, vias, shapes, data for routing through the
manufacturing line, and any other data required by a manu-
facturer or other designer/developer to produce devices or
structures as described above and shown in FIGS. 1L & 2.
Design structure 990 may then proceed to a stage 995 where,
for example, design structure 990: proceeds to tape-out, is
released to manufacturing, is released to a mask house, is sent
to another design house, is sent back to the customer, etc.

The descriptions ofthe various embodiments of the present
invention have been presented for purposes of illustration, but
are not intended to be exhaustive or limited to the embodi-
ments disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments. The
terminology used herein was chosen to best explain the prin-
ciples of the one or more described embodiment, the practical
application or technical improvement over technologies
found in the marketplace, or to enable other of ordinary skill
in the art to understand the one or more embodiments dis-
closed herein.

What is claimed is:
1. A method of forming a semiconductor structure, the
method comprising:

providing an unstrained substrate layer;

depositing a first strained layer directly on the unstrained
substrate layer, the first strained layer having a first strain
characteristic;

depositing a second strained layer directly on the first
strained layer, the second strained layer having a second
strain characteristic, wherein the unstrained substrate
layer, the first strained layer, and the second strained
layer form a multilayer structure;

using a first cut mask to epitaxially grow at least one first
strained fin structure directly on a region of the first
strained layer, the grown at least one strained fin struc-
ture having a material that is the same as the first strained
layer and exhibiting the first strain characteristic,
wherein the using a first cut mask to epitaxially grow at
least one first strained fin structure directly on aregion of
the first strained layer comprises exposing the region of
the first strained layer using the first cut mask, wherein
the exposed region of the first strained layer includes an
exposed top surface region of the first strained layer; and
epitaxially depositing a fill material having a same mate-
rial as the first strained layer over the exposed top surface
region of the first strained layer, wherein the deposited
fill material having the same material as the first strained
layer forms a column that includes the first strain char-
acteristic;

using a second cut mask to epitaxially grow at least one
unstrained fin structure directly on a region of the
unstrained substrate layer, the grown at least one
unstrained fin structure having a material that is the same
as the unstrained substrate layer, wherein the using a
second cut mask to epitaxially grow at least one
unstrained fin structure directly on a region of the
unstrained substrate layer comprises exposing the
region of the unstrained substrate layer using the second

10

15

20

25

30

35

40

45

50

55

12

cut mask, wherein the exposed region of the unstrained
substrate layer includes an exposed top surface region of
theunstrained substrate layer; and epitaxially depositing
a fill material having a same material as the unstrained
substrate layer over the exposed top surface region ofthe
unstrained substrate layer, wherein the deposited fill
material having the same material as the unstrained sub-
strate layer forms a column that is unstrained;

epitaxially growing at least one second strained fin struc-
ture directly on a region of the second strained layer, the
grown at least one second strained fin structure having a
material that is the same as the second strained layer and
exhibiting the second strain characteristic;
removing the first cut mask and the second cut mask;
epitaxially depositing a fill material having a same material
as the second strained layer over exposed top surface
regions of the second strained layer, wherein the depos-
ited fill material having the same material as the second
strained layer forms a plurality of columns that each
include the second strain characteristic; and

planarizing the column that is unstrained, the column that
includes the first strain characteristic, and the plurality of
columns that each includes the second strain character-
istic.

2. The method of claim 1, wherein the depositing a first
strained layer directly on the unstrained substrate layer and
the depositing a second strained layer directly on the first
strained layer comprises a layer-by-layer transfer process.

3. The method of claim 1, wherein the first strain charac-
teristic comprises a compressive strain.

4. The method of claim 1, wherein the first cut mask
includes silicon nitride regions.

5. The method of claim 1, wherein the first strained layer
and the fill material having the same material as the first
strained layer comprise a germanium (Ge) material having a
strain of about % 4.

6. The method of claim 1, wherein the first strained layer
and the fill material having the same material as the first
strained layer comprise a silicon germanium (SiGe) material
having a strain of about 2%.

7. The method of claim 1, wherein the column that includes
the first strain characteristic is utilized to form the least one
first strained fin structure.

8. The method of claim 7, wherein the column that is
unstrained is utilized to form the at least one first unstrained
fin structure.

9. The method of claim 8, wherein the plurality of columns
that each include the second strain characteristic are utilized
to form the at least one second strained fin structure.

10. The method of claim 1, wherein the second strain
characteristic comprises a tensile strain.

11. The method of claim 1, wherein the second cut mask
includes silicon nitride regions.

12. The method of claim 1, wherein the second strained
layer and the fill material having the same material as the
second strained layer comprise a stretched silicon lattice hav-
ing a strain in the range of about % 0.5-% 4.

#* #* #* #* #*



